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Motivations

m [op quark is really massive

» Yukawa coupling to Higgs near unity
»> Special role in EWSB?

> Sensitivity to physics beyond SM?

m | ot of top properties still to be tested

» Top charge, width, couplings
» Production mechanism

m Samples getting larger and well understood
> Direct searches for new phenomena




The Tevatron and CDF
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m Proton-antiproton collider

-\s = 1.96 TeV

- Record luminosity 2.9x10%2cm2s!
- Aim to collect 6-8 fb! by 2009

m Only top factory in the world B
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- charged particles and b-tagging

= EM and HAD calorimeters
N - electrons and jEtS
= Muon chambers

Tracking system




Top Production at the Tevatron

m Pair production via strong interaction dominant

OnNLO (pF-) — tf) =~ 6./ 0.8 pb b Q9 9
AV Q

for m, = 175 GeV/c?

Cacciari et al. JHEP 0404:068 (2004)
Kidonakis & Vogt PRD 68 114014 (2003)
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m Decay via electroweak 7 b

interaction BR(t—WDb) ~100%
m Observed final states given by W boson decay

Dilepton: tt — Ivivbb (5%)
Lepton+jets: tt — lvqggbb (30%
Hadronic: tt — ggqgbb (45%)

) } |=electron or muon



Top Quark Samples at CDF

- Di IeptOn Sa mple [ Cacciari et al. JHEP 0404:068 (2004) ~ Assume m=175 GeV/c’

4 Kidonakis s.Vogt PRD 68 114014 {EI}HE} CDF FI"E'II"I"III"IEI'}"

» Two high-P- isolated leptons LeptonsTrack |

T T £, e = R

(L=T7¢ [ I

» Large missing transverse energy ie—

m Lepton+jets sam ple §§5555;;?§5555555555555555555555555555 \

> One high-P- isolated lepton |

» 2 4 high-E; jets (21 b-tagged) — |pEEEctiimes .._.___

» Large missing transverse energy 7

77 6.141.2+4+0.4

m About 1-1.7 fb! analyzed ;z;;;éé;zz;;;éézz;;@éézze;;@éézze;;@é oo

m Cross section measured

.................... 2 7.3+0.5+0 . 6+0 4

» Good agreement with SM prediction jSuuETE——" 550 (sy50 (i
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» Sample composition well understoo (| o(pp — 1) (pb)




What Can We Test?

top production mechanism

q> o(gg—tt)/c(pp—itt)
> forward-backward asymmetry

m {op properties q
> top mass h

» top charge :
. W-

»> top width \

p
m hew particles

> tt resonances
> massive t’
» heavy W’

> V+A weak coupling
» Flavor Changing
Neutral Current




Top Quark Properties



Top Quark Mass

Viass of the Top Quark rom CDF ("Preliminary)
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.%E'“ pb’*. - 1720432 138

m Best world measurement i
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Constraints on Higgs Boson Mass

80 70 |- experimental errors: LEP2/Tevatron (today)

— 68% GL

m [op mass (together with W)
Mass measurements allow to
constrain Higgs boson mass
through radiative corrections

165

— D.027/5E8x0.00035 :

e ek ow Qe m Electroweak fit to SM Higgs
boson mass using latest
Tevatron combination:

M, =76%33,, GeV/c?
M, <144 GeV/c @ 95% CL




Top Charge: +2/3 or -4/37

m Suggestions for a fourth generation quark with Q=-4/3
D. Chang et al. PRD 59 09
m [op charge reconstructed ™

from decay product t—Wb
»> W charge from leptonic " :

decay W% — (v } ol
> b flavor from charged :

P Q)6

CDF Run Il preliminary L+J, L=1.5fb™

tracks information in jet [ 5 3

I"'-1 08 06 04 02 0 02 04 06 08 1

wWQ*JetQ

m Observed charge distribution tested vs Q=+2/3 and Q=- 4/3
nypotheses

» data consistent with a SM top hypotesis
> exotic quark excluded at 87% CL



Top Quark Width

m Top lifetime in SM extremely short (T .~ 4x10-4°s)

2-tag Reconstructed Top Mass (GEVJ"EE)

)
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m [Op mass spectrum
sensitive to top width;
templetes fit to extract I’

CDF Run |l Preliminary (1 fh’1}
Log-likelihood vs Fitted top width
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100 150 200 250 300 350 400,
1"ﬂ =-7.4 GeV

m Compare I}t to results
from pseudo-experiments

» 1< 12.7 GeV @ 95% CL
> T,>5.2x10%°s @ 95% CL

—
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Top Production Mechanism



<N, > of the sample

0(gg—tt)/o(pp —tt)

m Fraction of tt events from gluon fusion provides

- test perturbative QCD  RANG-1 %

- sensitivity to new top
production and decay
m First idea: radiation from gluons tends to carry low P fraction
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mETra | ow-P; track multiplicity
— Fit result Imeasu red |n nO_glLIOn

— No-gluon

— Gluon-rich and gluon-rich samples
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CDF Run Il Preliminary

Number of events

\\ m Fitting data distribution
fixclnn to <Nx> templates

5 10 15 20 25 30 35 40 45
Number of low p. tracks

o(gg—tt)/c(pp—tt) = 0.07 £ 0.16

JLdt-a1fh'1

0.5 1 1.5 2
<N_> of the sample




0(gg—tt)/o(pp —tt)

m Second idea: top-antitop spin correlation
- like-sign In gluon fusion production
- unlike-sign in gqg annihilation
m Neural Network approach:
- 2 Kinematic variables describing the production in tt frame
- 6 angles between decay products — spin correlation
m Fitting data to NN output shapes

CDF Run II (Preliminary)

© " Luminosity 955 pb’
LE!L 0.8— | Measured Value = -0.075

Limit at 68% CL: <0.33
Limit at 95% CL: <0.61

CDF R““ lI (Prelinlinﬂr}r} Sample: 1 Tag 'E_ 2 CDF Run 11 (PrElilllinEIr}"}

0 Luminosity 955 pb™ Eatﬂ 8 Luminosity 955 pb™
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Fitted GG Fraction




Forward-Backward Asymmetry

BACKWARD FORWARD

m Production diagrams interference
A = N, (cos 6) — N; (cos 6)
N, (cos 6) + N (cos 6)
m 4-6% asymmetry expected at NLO
m Use AY*Q,In “ oF
lepton+jets ol il AR/
sample: -
Anyso\LO~4-7%

b

CDF Il Preliminary

lep

thﬂd

qi\’
A, = 28 £ 13(stat) £ 5(syst) %




Searches for Non-SM Top Couplings



Right-Handed Weak Coupling

m \/+A coupling signal of new physics

- Left-right symmetry, PRL 38,1252(1977)

- Mirror particles, J.Phys.G 26,99 (2000)
- Beautiful mirrors, PRD 65,53002,(2002)

m \/-A character of top decay tested by W helicity

W, longitudinal W_ left-handed W, right-handed
fraction F, = 0./ fraction F. = 0.3 fractlon F. = 0. O

. iﬁ Ilm




W Helicity in Top Decay

m [wo variables sensitive to W helicity in top decays
= cosO* = angle between lepton .
and top in W rest frame:
- Left-handed ~ 3(1- COSOH* )2
- Longitudinal ~ 2(1- cos?6*)
- Right-handed ~ 2(1+cos6*)-
m Mass of the charged lepton -
b quark system:

= M”DZ ~ % (mtz = mWZ) COS 6*

. 0.8




W Helicity Results

m Different fitting techniques in cos6* analysis
m Binned fit to theoretical shapes:
- f, = 0.38 + 0.22 (stat) £ 0.07 (syst)
f. = 0.38 £ 0.22 (stat) £ 0.07 (syst)
-, < 0.12 @ 95% CL (fy = 0.7 fixed)
m Unbinned fit to Monte Carlo shapes:
- f; = 0.61 £ 0.20 (stat) £ 0.03 (syst)
f, =-0.02 = 0.08 (stat) £ 0.03 (syst)
- f, < 0.07 @ 95% CL (fy = 0.7 fixed)
m Using M,, to measure fraction of V+A -
-1, < 0.09 @ 95% CL (f, = 0.7 fixed) ey

401 CDF Run Il Preliminary
‘ e Data (695 pb’)

| T DJtt ., =-0.06
| |Background




FCNC: t — Zag

In SM BR(t — Zqg) = O(1071%)
BSM scenarios allow BR up to O(107%) I'

- J.A.Aguilar-Saavedra,
Acta Phys.Polon.B35, 2695-2710 §

| EP limit BR(t — Zq) < 13.7%
Counting experiment tt — Zg Wb
-Z — I*1
W s g W
- ¥4 of kinematic fit to top mass

best discriminator

NO excess observed
BR(t —» Zq) < 10.6% @ 95% CL




Searches for New Particles



tt Resonances

m Several models suggest tt resonant production:
> Extended gauge the()nes Total Invariant Mass of the tt System . :
i CDF Run Il Preliminary, L=955 pb
- A.Leike, Phys.Rep.317,143(1999) g

> KK states of gluons or Z i -
- B.Lillie et al.,arXiv:hep-ph/0/01166

- R.Rizzo,Phys.Rev.D61,055005(2000) sl

- L.Sehgal et al.,Phys.Lett.B200( 19SS NN 000 ol 51 Tl
- C.Hill et al.,Phys.Rev.D49,4454(1994)

s Fit to reconstructed tt mass :
Model: narrow Z° (I';, ~ 1.2% M.,)

no interference with s-channel tt Eks
m No deviation from SM observed

0 (Z'—tt) < 0.7 pb @ 95% CL
for M, > 700 GeV/c?
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Mass of tt Resonance (Gew'cz)



Search for Massive t' — Wb

m 4t generation of heavy fermions compatible with EWK data

» N=2 SUSY models: H.J.He et al., arXiv:hep-ph/0102144
> Beautiful mirrors™ model: C.Wagner et al., arXiv:hep-ph/0109097

m 2-dim likelihood fit to data P ~Waq, > 4] proiminary i

» H.: sum of transverse energy
of all objects in final state

CDF Run 2 760 pb-

Preliminary
t'—=Wq, = 4 jets

m No evidence for t" observed

> Set 95% CL upper limit on
\ o(pp—t't) x BR(t'—Wb)?

theoretical preqiction

> m,>256 GeV/c2 @ 95% CL

150 200 250 300 350 400
t' mass (GeV)

observed
95% CL upper
lHmit

—
=

o(pp—tt) (pb)




Heavy W' Production

m Search for W-like heavy boson decaying to a top-bottom pair

>’ EXtI‘a d|menS|OnS PRD 74, 75008(2006) 3 Jets - CDF Run I[ Preliminary: 955 pb
> L|tt|e nggS arXiv: hep-ph/051212 Best Fit to Data of Unconstralned W' and BG Constralned within Uncertainty
» Topcolor: PL B385, 304(1996)

m Single top production signature: ~

B 500 GeV W'

» Charged lepton
» Large missing enerd

> TWO Jets . . WJJ ﬁin;ss {EEW:L%E; .
) 7 ) 95% C.L. Limits (2+3 Jets) - CDF Run Il Preliminary: 955 pb”
m NO EVIdenCe fOI’ W bOSOI"I 1IN h — iﬂ:ﬂéigeligg .
reconstructed M, ., Mass spectrumiE SN ST

—— SMW': M(W") < M(v

x BRW'—> tb (

m Limits on W' production and its
couplings to fermions
0-BR(W'—1tb)<0.4 pb @ 95% CL T

for M,,, > 700 GeV/c? R W B




Conclusions

m [he CDF top quark samples in 1-1.7 fb

of pp collision data at the Tevatron have
been established and well understood

m | ot of precision measurements and first
results in searches for new physics have
peen achieved

m Beginning to have sensitivity to unexpected
top quark properties and new phenomena in
our samples



Backup Slides



b Quark Tagging

m [agging the b quark improves parton-jet assignments:
lepton+jets: 1 tag — 6 combinations, 2 tags — 2 combinations

m Requiring a b tagged jet also reduces background
contamination

m B hadrons are long lived

Jet tagging
efficiency — 42%

False tag rate — 0.5%

N

L
|
-
o |



Best |op Mass Measurement

m Matrix Element Method with in situ jet calibration

m Build event likelihood as a function of m, and JES

Normalization  Sum over parton  Matrix  Integration
factor jet assignament  element _ OVer phase space

aa! LR e
| | 1 1 B = B ) | Fury |
L(F | ms, JES) = Y wi [ DETR(G JES | £) | Mags(me, £) | dB(F)

Nimi) Almy, JES) e FrE

Transfer function
connecting partons to jets

m Sum over events and background subtraction

logL (M, JES)= 2 ( logL(y;|mt,JES) — fi,(y)logL(bg|m,JES) )
m [op mass extracted by maximizing profile likelihood

Lo (M) = ?"EJIaE%( Liot(My J)

Acceptance




Kinematic Fit

m Lowest ¥4 parton-jet assignamnt used in analyses
Fluctuate momenta according to their resolution

i, fit 3 , f1 UE,meaS)Z

12: Z (pT . | p]

+(MJJ°_MW)2
L,

t and t have the
Same mass M,

m Correct combination in 70% of the cases

Constrain on W masses



Search fort — H'Db

SMMS predicts large BR(t—H*b) (>10%) for small and large 3

Four different channels considered: H* — v, CS, t*B, W+hO

Compare predictions to data to set limits on M,.- tan(f3) plane

Scan all combinations of H* BR’s to set model independent
imits on BR(t—H*b)

t - H* b search CDF Run Il Preliminary BRIndependent Results ~ CDF Runll
m= 175 GeVJc? J Excluded 95 %CL m,= 175 GeV/c® [L dt =193 pb

— oM EXxpecied

— SM+ 10 Expected NN
I Excluded CDF Run | __.ff:ff;:fffff:fff S
[ ] Excluded LEP "

LEP (ALEPH, DELPHI, L3 and OPAL)

Assuming H —1v or HF— ¢8 only

0 10°

1 tan“}] 1 m, =70 GeV/c?

M. . =1000 GeVic®, p=-500 GeVic*, A =A_=2000 GeVic®, A,=500 GeVic* 0 0.2 04 0.6 0.8 1
M.=0_.498*M, M, =M;=M_,=M,=M,=M:=M =M, ., BR(t— H*b)




